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Abstract 



A device for suspending solid particles in a 
turbulent fluid for the purpose of concentrating 
particles of interest such as mineral particles 
comprises an upright column provided with a 
plurality of impellers spaced along a rotatable 
shaft extending centrally within the column. An 
inlet is provided near the bottom of the column to 
introduce compressed gas which is dispersed by the 
rotating impellers to create a rising column of 
bubbles through a slurry of particles in a liquid so 
that a gas to liquid gradient is provided along the 
column. Disks are spaced along the shaft between 
the impellers, and baffles are provided longitudi- 
nally at the inner surface of the column to control 
the swirling of the fluid caused by the impellers. 
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The present invention relates to a device in which 
solid particles may be suspended in a fluid medium 
and separated therein according to flotation 
characteristics. The invention may be generally 
designated a flotation apparatus, but it should be 
understood that the invention may be used in a 
number of applications in addition to flotation. 

The extraction of metal from an ore frequently 
involves the initial steps of crushing the ore and 
subjecting the resultant particles to a froth 
flotation separation wherein the mineral bearing 
particles are separated from the gangue. The 
separation of particles using a flotation process 
involves satisfying two fundamental requirements. 
15 Bubbles and particles must come into contact with 
one another, and the particles which are floated 
must attach to the bubbles or have an affinity for 
attaching to the bubbles. Conventional flotation 
devices employ agitation of an aqueous medium with 
20 an impeller, and air may be added along with 
suitable chemicals to create a froth comprising 
bubbles to which the mineral containing particles 
adhere. 

The present invention is concerned with an apparatus 
25 for generating a column of upwardly vectored bubbles 
moving through a downwardly flowing slurry of a 
crushed ore and aqueous liquid and does not pri- 
marily rely on the chemical reagents employed for 
the purpose of causing or enhancing particle ad- 
30 herence to the bubbles. The invention is directed 
to that type of apparatus wherein pressurized gas, 
usually air, is introduced at or near the bottom of 
the device and impellers are employed to generate a 
column of rising bubbles and turbulent fluids having 
35 the desired characteristics for a particular flota- 
tion application. 

m 
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A problem frequently encountered with prior devices 
is the continuous recycling of mineral particles 
from the froth to the liquid portion of the fluid 
due to convection currents induced by the agitation 
of the liquid in the device. The present apparatus 
largely eliminates these convection currents in the 
liquid thereby creating a stable froth while minimi- 
zing froth entrainment into the ore slurry or pulp. 
The present apparatus allows the user to approach 
the ideal or "plug" flow for mineral particles of 
interest through the several stages of the appara- 
tus, thereby enabling an optimization of the 
concentration process in a compact, versatile 
apparatus. 

The present apparatus also employs a plurality of 
efficiently designed impellers so that desired 
agitation can be achieved at minimal horsepower 
requirements. 

Accordingly, the invention provides a device for 
suspending solid particles in a turbulent fluid for 
the purpose of concentrating particles of interest 
such as mineral particles. The device comprises an 
upright column defining up to five functional zones 
along the height thereof. In a froth flotation 
application for concentrating a mineral from a 
crushed ore slurry, the device may comprise a column 
having from bottom to top a suspension zone to 
slurry gangue particles leaving the column, a gas 
dispersion zone, a zone for collecting the mineral 
particles on upwardly moving bubbles, a zone for 
washing residual gangue from the floating mineral 
particles, and an upper zone where the mineral is 
concentrated on a froth of bubbles and removed from 
the column. The column is provided with an outlet 
at the bottom for removing a slurry of gangue, an 
inlet near the bottom for introducing compressed 
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gas, an inlet above the gas inlet for introducing a 
slurry of crushed ore in a liquid into the column, 
optionally an inlet near the top of the column for 
introducing a wash liquid, and an outlet such as a 
5 launder at the top of the column for removing a 
froth containing mineral particles. 

Agitation of the fluid and dispersion of the 
compressed gas within the column is provided by a 
plurality of impellers attached along a rotatable 

10 shaft extending centrally within the column. The 
impellers are spaced along the shaft in at least the 
lower and middle zones of the column and have 
numbers of blades and pitch angles therefor to 
provide turbulence to the fluid within the column 

15 and to achieve the desired gas dispersion gradient 
along the height of the column. The turbulence from 
the impellers causes the gas bubbles formed initi- 
ally at the bottom of the column to be dispersed 
throughout the slurry as they rise up the column. 

20 While the impellers may be designed to create the 
desired gas dispersion gradient and fluid turbulence 
along the height of the column, the superior flota- 
tion characteristics of the present invention are 
provided by controlling the horizontal and vertical 

25 swirling caused by the impellers so that a dynamic 
column of upwardly vectored bubbles is generated 
enabling the steady upward movement of the particles 
of interest and minimizing the recycling of such 
particles between the froth and liquid portions. 

30 This control is provided by disks attached to the 
shaft between adjacent impellers and by longitudinal 
baffles positioned about the inner circumference of 
the column. 

35 The impeller system for the apparatus effectively 
causes the function of the collecting zone to be 
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divided into a number of stages, each impeller 
providing a stage. In the collecting zone the mass 
transfer rate of solids to bubbles is increased, and 
the short circuiting of feed is decreased as cora- 
5 pared to known flotation devices. Thus, collection 
is improved and tail losses are minimized. in 
certain applications, it may be desirable to provide 
impellers in the washing zone to increase the 
washing performance for removal of residual gangue, 
10 thereby improving the grade and quality of the 
concentrate. Overall, the impeller system of the 
invention provides controlled gas dispersion and 
flexibility for designing the optimum performance in 
each particular application. 

15 One objective of the present invention is maximiza- 
tion of product loading on air bubbles, on the 
premise that this loading will minimize loading of 
gangue on the bubbles. As is implied by earlier 
work in single stage flotation the enrichment ratio 

20 appears related to particle size, and is fixed. 
However, when such gangue loaded air bubbles are 
then contacted with a richer mineral slurry in a 
subsequent stage under selective conditions of 
turbulence, bubble coalescence and redispersion, and 

25 solids detachment and attachment occur. It is a 
premise of this work that these processes favour 
product flotation over gangue flotation. According- 
ly, the present apparatus provides multiple staging 
with countercurrent flow of air and slurry. From 
30 bottom to top the slurry in each stage of the 
apparatus becomes richer in product, which also 
favours its flotation. 

Another feature of the invention involves the 
ability to vary the agitation level from bottom to 
35 top of the apparatus. The ability to provide an 
agitation gradient has several effects. It ensures 
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larger bubbles at the top, and smaller ones toward 
the bottom of the apparatus. The smaller bubbles, 
in the 0.5 - 1.5 mm diameter range are large enough 
to ascend in the slurry downflow. Introducing the 
feed slurry near the top of the apparatus ensures 
that the larger product particles will encounter 
bubbles large enough to carry them speedily into the 
froth, whereas lower down in the apparatus, the 
finer air bubbles and higher agitation level 
increase the probability of particle-bubble colli- 
sions for fines. In this manner the compromises 
hampering efficiency in conventional mechanical cell 
design have been advantageously overcome, including 
the near impossibility of sanding up the bottom of 
15 the apparatus and the potential reduction in frother 
consumption due to the lower air volume used when 
compared to a bank of flotation cells. 

These and other advantages of the invention will be 
described in more detail with reference to the 
drawings of a preferred embodiment thereof, wherein: 

Figure 1 is a longitudinal sectional view of a 
column of the invention? and 

Figure 2 is a sectional view along line 2-2 in Fig. 
1. 



20 



25 The preferred embodiment shown in the figures will 
be described with reference to a mineral froth 
flotation process. The reader skilled in this art 
will appreciate that the invention may be used for 
other purposes and may incorporate modifications to 

30 the structure hereinafter described for the purpose 
of addressing such other applications. 

As seen in Figure 1, the invention comprises a 
cylindrical column 2 which may have five functional 
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zones 3, 4, 5, 6 and 7. In a mineral froth 
flotation process, crushed ore containing mineral 
particles of interest is slurried in water to which 
suitable flotation aiding chemicals are added. The 
5 slurry is introduced into the column 2 through an 
inlet 11 preferably located near the junction of 
zones 5 and 6. In the collection zone 5, a rising 
column of bubbles interacts with the mineral par- 
ticles in the pulp and the desired mineral particles 

10 are collected by the bubbles and floated upwardly 
through the froth and washing zones 6 and 7. The 
rising column of bubbles is generated initially in 
the gas dispersion zone 4 at the bottom of the 
column 2. An inlet 14 is provided for introducing a 

15 compressed gas such as air into the column 2, and 
the inlet 14 is preferably positioned to introduce 
air axially of the column 2. It may be preferable 
in some applications to sparge the air into the 
column 2 through the inlet 14. 

20 The column 2 is provided with a shaft 20 extending 
centrally within the column 2 from the top to near 
the bottom thereof. Means are provided for rotating 
the shaft 20 such as a motor 21. The shaft 20 is 
equipped with a plurality of impellers 22 attached 

25 at spaced intervals along its length. The gas 
dispersion zone 4 also includes an impeller 22 
located just above the gas inlet 14 to provide an 
initial gas dispersion of the air entering the 
column 2 into the pulp flowing down the column 2. 

30 The column 2 has an outlet 12 at the bottom thereof 
for removing a slurry of solid particles which are 
depleted of the mineral of interest. These par- 
ticles comprise valueless solids, or gangue, and 
perhaps mineral particles which are not of interest 

35 or which may be recovered at a subsequent process 
stage. In the suspension zone 3 impeller 22 is 
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affixed to the bottom of the shaft 20 to maintain 
the gangue as a slurry so that it may be readily 
removed via the outlet 12. 

Upon rotation of the shaft 20, the impellers 22 
5 generate turbulence in the fluid within the column 
2. This turbulence serves to disperse the gas 
entering through the inlet 14, but provides a 
neutral flow direction to the fluid within the 
column 2. To provide a gradient of turbulence along 
10 the height of the column 2, the impellers 22 must be 
individually constructed to provide greater or 
lesser turbulence at a given constant speed of 
rotation. This may be done by varying the diameter 
of the impeller 22, the number of blades and the 

15 pitch angles thereof associated with each impeller 
22. in a mineral flotation process, impellers 22 
having a longer diameter, or a greater number of 
blades or with sharper pitch angles to generate a 
greater turbulence are located toward the bottom of 

20 the column 2. Of course, the rotation speed of the 
shaft 20 can also be varied to provide greater or 
lesser turbulence. The ability to adjust the rota- 
tion speed as well as the structures of the various 
impellers 22 provides the device with a wide range 

25 of operating conditions. 

For example, the collection zone 5 may comprise 
seven impellers 22 spaced along the shaft 20 for 
generating a turbulence gradient within the zone 5 
causing an upwardly directed increase in the gas to 

30 liquid ratio. The number and structures of impel- 
lers 22 used within the zone 5 may vary in accord- 
ance with the particular requirements of a given 
application. That is because each impeller 22 acts 
to provide a stage of the overall process being 

35 carried out in the zone 5. Thus, the more impellers 
22 used the greater the efficiency of recovery or 
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15 



collection of the mineral particles of interest. Of 
course, there is a point reached where the expense 
of enlarging the zone 5 by adding additional 
impellers 22 is greater than the increased benefit 
derived. It will be appreciated by those skilled in 
this art that the structure of the column 2, espe- 
cially as it relates to the collection zone 5, has a 
high degree of inherent flexibility allowing the 
structure to be modified to create the flotation 
conditions most suited to a given ore. 



In the froth zone 6 of the column 2, collected 
mineral particles may move upwardly on a froth of 
bubbles through a wash zone 7 where small particles 
of gangue are removed. This is accomplished in the 
present invention by introducing a wash liquid such 
as water through an inlet 29 at the upper portion of 
the column 2. The wash water is preferably sparged 
into the column 2 as a spray of fine droplets, and 
the exact location of the inlet 25 in relation to 
20 the froth zone 6 may vary considerably with the 
particular application. 

The shaft 20 extending through the froth zone 6 is 
not usually provided with impellers 22 as shown in 
Pig. 1, but it may be desirable to do so in the wash 
25 zone 7 especially in cases where high quality con- 
centrates are desired. 



The material exiting the top of the column 2, pre- 
ferably through a launder 33, is a froth of bubbles 
to which are adhered an extremely clean concentrate 

30 of mineral particles of interest. The froth zone 6 
may not be very large since the froth must be 
removed from the column 2 before it breaks down. 
Again, the relative sizes of the froth and washing 
zones 6 and 7 will depend on the particular applica- 

35 tion including such factors as particle size and 
bubble size. 
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An important feature of the invention is the use of 
disks and baffles to control both the horizontal and 
the vertical swirl effects imparted to the fluid in 
the column 2 by the impellers 22, and to help define 
5 discrete zones or stages of turbulence along the 
height of the fluidized column. Without the disks 
37, the impellers 22 spaced along the shaft 20 would 
give a fully back mixed system having little concen- 
tration gradient from the bottom to the top of the 

10 column 2. Thus, disks 37 are affixed to the shaft 
20 between adjacent impellers 22 to isolate the 
vertical motion of the fluid in the column 2 and to 
form toroids around each impeller 22. These disks 
37 are solid and flat, generally having a diameter 

15 greater than that of the diameter of the impellers 
22, but clearly, may be adapted to meet the particu- 
lar needs of a given application. The disks 37 need 
not all be of the same diameter. 

In conjunction with the disks 37, longitudinal baf- 
20 fles 39 are preferably positioned in the gas disper- 
sion and collection zones 4 and 5 about the inner 
circumference of the column 2. The baffles 39 
sustain the toroids and increase turbulence. The 
number and width of these longitudinal baffles 39 
25 also depend on the particular application, but often 
four such baffles 39 positioned 90° from one another 
and each having a width of about one-twelfth the 
diameter of the column 2 provide the desired degree 
of control (see Pig. 2). 

30 The disks 37 and baffles 39 can be adjusted to 
control the degree of back mixing by operating to 
modulate the swirling effects imparted by the 
impellers 22, thereby promoting a staged upward 
bubble flow pattern within the column 2. The disks 

35 37 and baffles 39 help define discrete zones or 
stages of turbulence about each impeller 22 thereby 
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promoting so called plug flow. It has been shown 
that the present combination of impellers 22 and 
disks 37 allows the creation of a fluid volume 
within the column 2 which is approximately 50% 
5 greater than that of the nonagitated liquid. 

Every column application need not incorporate all 
five zones. For regular grind flotation feed, the 
suspension and gas dispersion zones can be com- 
bined. Where the proportion of slimes is low, froth 
10 washing becomes optional. 

The invention enables the creation of mineral 
bearing froth which is relatively stable due to lack 
of swirling currents beneath it, and wherein the 
mineral particles floated form a high grade concen- 
15 trate. These advantages may be further illustrated 
by the following examples. 

Performance of a pilot column on mill rougher 
concentrate 

Lower than normal grade rougher concentrates of an 
20 arsenopyrite ore were produced off flotation cells 
during metallurgical evaluation testwork performed 
at Red Lake, Ontario. These concentrates were used 
for upgrading in a 200 mm (8 n ) diameter pilot column 
made in accordance with the invention. Batch flota- 
25 tion tests in a small 150 x 150 x 255 mm (6" x 6" x 
12") flotation cell were run in parallel for compa- 
rison. Results are given in Tables 1 and 2. The 
7.5 minute batch float (Table 2) matched mill per- 
formance only when chemicals were added. without 
30 chemicals, the tails were higher after 7.5 minutes. 
This is probably due to slower floating arseno- 
pyrite, which carries the gold. The arsenic content 
peaked at 1 minute in the batch test. The same 
phenomenon was noted in the plant, where the As/S 



- 10 - 



1313841) 



ratio in the concentrate from the second cell was 
higher than that of the first one. 

To determine the performance of the pilot column on 
the rougher concentrate, four consecutive tests were 
5 run at constant agitation (508 rpm) and air flow 
(577 1/min). Reagent addition began in Test 3 with 
Na2S. Xanthate and CUSO4 were added in Test 4, and 
Dowfroth (trade mark) addition commenced in Test 5. 
Amount of reagent addition to system was as follows: 



10 Na 2 S 22.5 g/tonne 10% solution 

Na isobutyl xanthate 41.5 g/tonne 9% solution 

CuS0 4 96.6 g/tonne 7% solution 

Dowfroth 2.7 g/tonne 15% solution 



The basis for the amount of reagent added was the 
15 assumption that the mill rougher concentrate sample 
had depleted its reagent when dewatered for use in 
this testing. Rather arbitrarily, 50% of the normal 
mill reagent addition was added to column and batch 
flotation feed, except for Dowfroth which in the 
20 testing was added at 10% of the plant concentration. 

Column tests 2 and 4 are directly comparable to the 
batch flotation tests. The upgrading capability of 
the agitated column is highly promising. Concen- 
trate to tails partition ratios for gold range from 
25 32 to 47, with similar values for arsenic. Sulphur 
partition ratios are lower, for reasons that are not 
fully understood. Column tailings are cleaner, 
while grades are higher than in batch flotation, 
even for the first concentrate collected. 
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Table 1: LABORATORY OOUMN FLOTATION OP MILL ROOMER CONCENTRATE 



CONSECUTIVE 



TEST AND 




RATE 


REAGENT 










g/toin 


2. 


Cone. 


20.7 


None 


Tails 


124.2 




Feed 


144.9 


3. 


Gone. 


27.4 


Na^ 


Tails 


153.2 




Feed 


180.6 


4. 


Gone. 


18.3 


Xanthate 


Tails 


114.8 


CuS0 4 


Feed 


133.1 


5. 


Cone. 


58.2 


Dowfroth 


Tails 


192.0 




Feed 


250.2 



GRADE 



All AS S 

q/tonne % 

55.9 19.80 14.80 

1.7 0.85 1.45 

9.3 3.63 3.13 

52.1 19.50 13.10 

1.4 0.69 1.43 
9.2 3.58 3.10 

58.6 21.50 13.60 

1.4 0.70 1.24 

9.1 3.56 3.08 

35.3 13.30 10.10 

0.9 0.35 1.13 

9.0 3.51 3.05 



RECOVERY 



All 
% 


As 
% 


S 
% 


85.9 
16.1 
102.0 


77.9 
20.1 
98.0 


67.6 
39.7 
107.3 


86.4 
13.4 
99.8 


62.6 
16.4 
99.0 


64.1 
39.1 
103.2 


88.7 
13.0 
101.7 


83.0 
17.0 
100.0 


60.7 
34*7 
95.4 


91.4 
7.9 
99.3 


88.1 
7.7 
95.8 


77.0 
28.4 
104.5 



Table 2: LABORATORY BATCH FLOTATION OF MILL ROUGHER CONCENTRATE 



No reagents 



Minutes 


Wt. % 






(incre- 


of 


Au 


As 


mental) 


feed 


g/tonne 


% 


0.25 


6.2 


39.1 


14.4 


0.25 


2.8 


43.2 


15.6 


0.50 


2.7 


48.7 


17.2 


0.50 


2.1 


39.9 


15.4 


1.00 


2.6 


36.4 


13.5 


1.00 


1.7 


27.8 


11.5 


2.00 


2.7 


23.3 


9.0 


2.00 


1.7 


17.5 


7.8 


Tails 


77.6 


3.8 


1.5 


Total Cone. 


36.1 


14.0 



(Calc.) 



50% of mill reagents 



Wt.% 



s 


of 


AU 


AS 


S 


% 


feed 


% 


% 




17.8 


8.0 


51.1 


17.7 


16.1 


17.4 


4.8 


45.9 


17.2 


14.6 


14.9 


4.5 


42.9 


16.5 


11.9 


11.7 


3.2 


29.5 


11.4 


9.0 


9.5 


5.4 


14.7 


6.1 


4.8 


7.7 


2.7 


10.3 


4.6 


3.9 


6.2 


1.9 


11.3 


5.2 


4.5 


5.3 


1.5 


9.6 


4.6 


4.0 


1.7 


67.9 


1.5 


0.6 


1.0 


12.2 




33.0 


13.8 


11.9 
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THE EMBODIMENTS OP THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS: 

1. A device for suspending solid particles in a 
turbulent fluid for the purpose of concentrating particles 
of interest, comprising: 

an upright hollow column having an outlet means at 
the bottom for removing a slurry of solid particles in a 
liquid from the column, a gas inlet means connected to a 
lower portion of said column for introducing compressed gas 
into the column, a slurry inlet means located above the gas 
inlet means for introducing a slurry of solid particles in 
a liquid into the column, and an outlet means at the top of 
the column for removing a froth containing solid particles 
of interest; 

a shaft extending centrally within the column from 
the top to near the bottom thereof; 

means for rotating the shaft; 

a plurality of impellers attached to the shaft and 
being spaced from one another, the impellers providing a 
gradient of turbulence to fluid within the column; 

disks affixed to the shaft between adjacent 
impellers, the disks being oriented approximately normal to 
the shaft and each disk having the requisite diameter to 
provide the desired modulation of vertical swirling of 
fluid within the column; and 

a plurality of substantially centrally directed 
baffles positioned longitudinally and extending from the 
inner surface of the column. 
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2. A device as claimed in claim 1, wherein an impeller 
is provided on the bottom of the shaft to maintain a 
suspension of particles in liquid so that a slurry may exit 
the device through the outlet means at the bottom of the 
column . 

3. A device as claimed in claim 1, wherein the gas 
inlet means is positioned just below the second impeller 
from the bottom of the shaft. 

4. A device as claimed in claim 1, wherein the gas 
inlet means is a sparger. 

5. A device as claimed in claim 1, wherein an upper 
portion of the column defines a froth zone having no 
impellers attached to the shaft. 

6. A device as claimed in claim 5, wherein the slurry 
inlet means is located just below the froth zone. 

7. A device as claimed in claim 5, further comprising 
a wash liquid inlet located within the froth zone. 

8. A device as claimed in claim 7, wherein the wash 
liquid inlet is a sparger. 

9. A device as claimed in claim 1, wherein said 
plurality of baffles comprise three baffles spaced about 
120* from one another about the inner surface of the 
column. 

10. A device as claimed in claim 1, wherein said 
plurality of baffles comprise four baffles spaced about 90° 
from one another about the inner surface of the column. 

11. A device as claimed in claim 5, wherein the baffles 
extend from near the bottom of the froth zone to near the 
bottom of the shaft. 
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12. A device as claimed in claim 1, wherein each disk 
extends to or slightly beyond the reach of the blades of 
the impellers being adjacent thereto. 

13. A device as claimed in claim 1, wherein the disks 
are solid and circular. 

14. A device as claimed in claim 1, wherein the outlet 
means at the top of the column is a launder. 

15. A device as claimed in claim 1, wherein the means 
for rotating the shaft is a motor. 
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